Argas vespertilionis, an argasid tick associated with bats and bat habitats in Europe, Africa, and Asia has been reported to bite humans; however, studies investigating the presence of vector-borne pathogens in these ticks are lacking. Using molecular tools, we tested 5 A. vespertilionis ticks collected in 2010 from the fl oor of a bat-infested attic in southwestern France that had been converted into bedrooms. Rickettsia sp. AvBat, a new genotype of spotted fever group rickettsiae, was detected and cultivated from 3 of the 5 ticks. A new species of the Ehrlichia canis group, Ehrlichia sp. AvBat, was also detected in 3 ticks. Four ticks were infected with Borrelia sp. CPB1, a relapsing fever agent of the Borrelia group that caused fatal borreliosis in a bat in the United Kingdom. Further studies are needed to characterize these new agents and determine if the A. vespertilionis tick is a vector and/or reservoir of these agents.
T icks are obligate hematophagous arthropods that are considered to be second only to mosquitoes as vectors of agents that cause diseases in humans (1) . Ticks parasitize every class of vertebrates in most regions of the world and occasionally bite humans (1) . Argas vespertilionis (also known as Carios vespertilionis) ticks parasitize several bat species around the world, except in the Americas (2, 3) . Bats are adequate hosts for blood ingestion by ticks because they lack dense fur and have a supply of large blood vessels just below the dermis. In addition, a larval A. vespertilionis tick was collected from a dog in Sweden (3) . Common habitats for these ticks include cracks and crevices in the walls of bat-infested caves and buildings, tree holes, and any niche occupied by the host. Tick nymphs and adults can bite persons in caves (4, 5) . A. vespertilionis tick populations in Europe and South Africa exist in temperate climates with pronounced seasonal changes and moderate to heavy rainfall.
The role of A. vespertilionis ticks as vectors or reservoirs of bacterial, viral, or protozoal pathogens is poorly understood; however, several pathogens have been detected in these ticks. In 1966, Coxiella burnetii, the agent of Q fever, was detected in A. vespertilionis ticks collected from southern Kazakhstan (6) , and in 1973, an arbovirus named Issyk-Kul virus was isolated from bats and A. vespertilionis ticks in Kyrgyzstan (7) . A few years later, Issyk-Kul virus was isolated from a scientist who had become infected while conducting fi eld work in the Kumsangir district of southern Tajikistan (8) . Candidatus Babesia vesperuginis showed potential pathogenicity to a bat in the United Kingdom, and the study authors hypothesized that the A. vespertilionis tick could be a vector for these protozoa (9) . Borrelia burgdorferi sensu lato, the infectious agent of Lyme disease, was detected in A. vespertilionis ticks that were collected during 1896-1994 and housed at the Natural History Museum in London. Thus, 13/13 ticks collected from bats (mostly pipistrelles) and 12 (75%) of 16 ticks collected from human dwellings had results positive for B. burgdorferi s.l. when tested by nested PCR targeting the ospA gene (10) . However, PCR contaminations were not excluded for these results. It has been stated that this tick is a vector of spirochetes in bats, but no conclusive evidence has supported this hypothesis (2) .
The WHO (World Health Organization) Collaborative Center for Rickettsial Diseases and other Arthropod-Borne Bacterial Diseases receives human samples and arthropod specimens from all parts of the world for tick-borne dis-ease diagnosis. The aim of this study was to analyze A. vespertilionis ticks for the presence of Borrelia, Rickettsia, Bartonella, and Ehrlichia spp. and for C. burnetii by using molecular and culture tools.
Materials and Methods

Tick Collection
On July 12, 2010, the owners of a bat-infested home in Astien, France (42°56′18.25′′N, 1°03′54.57′′E; elevation 542 m) found 6 live ticks on the fl oor of their attic, which had been converted into bedrooms ( Figure 1 ). Astien is located in southwestern France in the Ariège region of the Pyrenees Mountains. The ticks were sent to our laboratory at the WHO Collaborative Center for Rickettsial Diseases and Other Arthropod-Borne Bacterial Diseases (Marseille, France), where we used standard taxonomic keys to identify them morphologically as adult A. vespertilionis (Latreille, 1802) ticks (online Video, wwwnc.cdc.gov/EID/article/18/12/12-1237-V1.htm) (2) .
DNA Extraction
Five of the 6 ticks were washed in a 10% water solution of commercial disinfectant-detergent (Amphomousse; Hydenet S.A., Sainghin-en-Melantois, France), rinsed in sterile water, and placed in a 1% solution of sodium hypochlorite for 10 minutes. The ticks were then rinsed with distilled water and incubated in 70% ethanol for 15 minutes, after which they were rinsed in sterile phosphate-buffered saline, dried on sterile fi lter paper in a laminar fl ow hood, and individually crushed in sterile tubes (Eppendorf; Hamburg, Germany). DNA was extracted from one half of each of the 5 ticks by using the QIAamp Tissue Kit (QIAGEN, Hilden, Germany) according to the manufacturer's instructions. The genomic DNA was stored at 4°C until used as a template in PCR assays. The remaining portion of each tick was kept at -80°C for further analysis. DNA extraction and the molecular identifi cation of all ticks were effi ciently achieved by using one molecular system: PCR amplifi cation with sequencing of the 338-bp region of the 12S RNA gene, as described (11 We used quantitative real-time PCR (qPCR) with the 1029 system based on the RC0338 hypothetical protein gene to screen DNA samples from the 5 ticks for all spotted fever group (SFG) rickettsiae (12) (Table) . Reactions were performed by using LightCycler 2.0 equipment and software (Roche Diagnostics GmbH, Mannheim, Germany). Master mixes were prepared according to the manufacturer's instructions. We confi rmed rickettsiae-positive results by using conventional PCR with the GeneAmp PCR System 2400 thermal cycler (PerkinElmer, Waltham, MA, USA). We used primers CS2d-CS877f and Rp CS.409p-Rp CS.1258n to amplify and sequence the full-length citrate synthase gene (gltA) found in all rickettsiae (20) , and we used primers Rr. 190.70 and Rr. 190.701 to amplify and sequence a fragment of the outer membrane protein A (ompA) gene (629-632 bp), which encodes a 190-kDa protein (17) . We used 2 negative controls for all PCR reactions: 1) PCR mix alone and 2) PCR mix with noninfected Rhipicephalus sanguineus tick DNA (free of Rickettsia, Ehrlichia, Anaplasma, Bartonella, and Borrelia spp. and C. burnetii). We used DNA extracted from R. montanensis as a positive control for detection of rickettsiae. Amplifi cation products were analyzed after electrophoresis on a 1% agarose gel stained with ethidium bromide.
The second half of each tick was placed in sterile 1.5-mL plastic tubes, where they were triturated with a sterile micropestle in 600 μL of Rinaldini solution (6.8 g NaCl, 0.4 g KCl, 0.156 g NaH 2 PO 4 , 2.2 g NaHCO 3 , 1.0 g glucose, and 1.0 mg phenol red in 1,000 mL sterile double-distilled water). To isolate Rickettsia spp. from the tick solution, we used a shell vial cell culture assay, as described (21) . In brief, we inoculated 300 μL of the rickettsia PCR-positive ticks into 7 shell vials containing 1-cm 2 coverslips on which cell culture lines had been grown. Of the 7 shell vials, 3 contained a coverslip with a monolayer of mouse fi broblasts (L929 cells); 3 contained coverslips with a monolayer of human embryonic lung fi broblasts; and 1 contained a coverslip with cell line XTC-2, derived from Xenopus laevis. We did not include antimicrobial drugs in the medium. After the vials were incubated for 8, 15, and 21 days, we performed Gimenez staining and indirect immunofl uorescence assays to detect rickettsial organisms in cell culture as described (21) . Cultures were considered rickettsiae-positive if staining and assay results were positive. We sampled culture supernatants to identify isolates by standard PCR as described (17, 20) .
Detection of Borrelia spp.
We used qPCR targeting the 16S rRNA gene, as described (13) , to screen DNA samples from the 5 ticks for all Borrelia spp. (Table) . Samples with borreliae-positive results were confi rmed positive by conventional PCR with primers Bf1-Br1 and Bor1-Bor2, which enabled amplification of the 16S rRNA gene fragment and fl aB gene, respectively (18, 22) . We sequenced the amplifi ed product as described above. Positive control reactions for each assay incorporated DNA extracted from Borrelia crocidurae. We injected the solution of Borrelia spp. PCR-positive ticks into 2 tubes with 10 mL of BSKH medium (Sigma-Aldrich, Taufkirchen, Germany) (23) and a 100-μL solution of antimicrobial drugs (product no. A1956 [2 mg phosphomycin (fosfomycin), 5 mg rifampin, and 250 μg amphotericin B per mL in 20% DMSO]; Sigma-Aldrich). Samples were cultivated at 33°C, and once a week we used dark-fi eld microscopy to examine them for the presence of spirochetes. We considered samples to be negative for borreliae if no growth was detected after 8 weeks of incubation.
Detection of Bartonella spp.
We used qPCR to screen DNA samples for a fragment of the Bartonella spp. intergenic spacer region between the 16S and 23S rRNA genes ( Table) . Conventional PCR that amplifi es a fragment of the 732-bp intergenic spacer region of Bartonella spp. was used to confi rm bartonellae-positive results (15) . DNA extracted from B. elizabethae served as a positive control for detection of bartonellae. ( 
Detection of C. burnetii
We initially detected bacterial DNA by qPCR with C. burnetii-specifi c primers and a probe designed to amplify the IS1111 gene (14) . We used qPCR with primers and a probe designed for the amplifi cation of IS30A spacers to confi rm C. burnetii-positive results (14) . Amplifi cation of both spacers indicated a positive result. In each test, DNA extracted from C. burnetii served as a positive control.
Detection of Ehrlichia/Anaplasma spp.
We detected Ehrlichia/Anaplasma spp. DNA by conventional PCR using primer set EHR16SR-EHR16SD, which amplify a 345-bp fragment of the 16S rRNA gene of ehrlichiae (16) . A second PCR that amplifi ed a fragment of the citrate synthase gene of Ehrlichia spp. was used, as described (19) , to confi rm positive amplifi cation results (Table). The amplifi ed products for both genes were sequenced as described above. Two negative controls and 1 positive control (DNA from A. phagocytophilum) were included in each test.
Sequence Analysis
All obtained sequences were assembled and edited by using Auto Assembler software version 1.4 (PerkinElmer). We analyzed sequences by using BLAST (www.ncbi.nlm. nih.gov/blast/Blast.cgi) and compared them with sequences in the GenBank database. We performed multiple sequence alignments by using the ClustalX program (www. clustal.org/clustal2/). Phylogenetic trees were constructed by using the test minimum-evolution tree algorithm in the MEGA5 program (http://megasoftware.net/). Support for the tree nodes was calculated with 100 bootstrap replicates.
Results
Tick Identifi cation
The 12S RNA gene from 4 of the 5 A. vespertilionis ticks in our study showed 81.4% (253/311 bp) sequence similarity with the Carios capensis tick (GenBank accession no. AB075953) and 77.7% (303/390 bp) sequence similarity with the Ixodes granulatus tick (GenBank accession no. DQ003012). We submitted the 12S RNA sequence to GenBank (accession no. JX233821); no other 12S sequence for A. vespertilionis ticks was available in GenBank.
Detection of Rickettsiae spp.
Of the 5 ticks we tested, 3 (sample nos. 62494, 62497, and 62498) were positive for genus-specifi c rickettsiae DNA by qPCR. Subsequent sequencing of gltA gene amplicons from all positive PCR samples showed that the closest sequences available in GenBank were those for R. peacockii (accession no. CP001227), R. africae (accession no. CP001612), and R. conorii (accession no. AE006914), which showed 99.6% showed 99.34% (611/615 bp), 99.5% (587/590 bp), and 98.67% (594/602 bp) sequence identity, respectively. The sequences for all 3 ticks were identical. The positive and negative controls produced the expected results. The nucleotide sequence of the full-length gltA gene of Rickettsia sp. was deposited in GenBank (accession no. JN038177) and named Rickettsia sp. AvBat. Maximum parsimony and neighbor-joining analysis of the 1,225-bp gltA gene and the presence of the ompA gene suggest that Rickettsia sp. AvBat be classifi ed as an SFG rickettsiae, with the closest relationships to Rickettsia sp. strain S (U59735) and R. africae (U59733) (Figures 2, 3 ) (24) . On the basis of the guidelines for the classifi cation of new Rickettsia spp. (24) , the bacterial species we identifi ed shared <99.9% similarity with the full-length gltA gene and >98.8% similarity with the partial ompA gene.
On day 15 of incubation, the shell vial cultures for 2 PCR rickettsiae-positive ticks had Gimenez staining and immunofl uorescence assay results positive for Rickettsia spp. (Figure 4 ). The 2 isolates were established in the L929 and XTC-2 cells, respectively (3 passages/cell line). 
Detection of Ehrlichia/Anaplasma spp.
Five ticks were tested by standard PCR for the 16S rRNA and gltA genes specifi c for Ehrlichia/Anaplasma; results were positive for 3 ticks (nos. 62495, 62496, and 62497). Sequence analyses showed 99.4% (344/346 bp) similarity with the 16S rRNA gene of uncultured Ehrlichia sp. clone Khabarovsk 1931 (GenBank accession no. FJ966354) and 98.3% similarity with E. muris isolate Kh-1550 (GenBank accession no. GU358692). For these 3 ticks, the closest matches to a gltA gene fragment in GenBank were with those of Ehrlichia sp. HF (accession no. DQ647319), Ehrlichia sp. Yamaguchi (accession no. AF304145), and E. muris (accession no. AF304144), which had 88.93% (225/253 bp), 88.53% (224/253 bp), and 88.53% (224/253 bp) sequence similarity, respectively. Sequences of the 16S rRNA and gltA genes from all 3 ticks were identical.
We deposited nucleotide sequences for the 16S rRNA and gltA genes of this Ehrlichia sp. in GenBank (accession nos. JN315412 and JN315413, respectively). In phylogenetic trees based on 257 bp of the gltA gene and 348 bp of the 16S rRNA gene, this sequence is situated in the genus Ehrlichia in the E. canis group, and it is distinct from other known Ehrlichia spp. (Figures 7, 8 ) (26) .
Detection of Bartonella spp. and C. burnetii
We tested 5 ticks by qPCR for the presence of Bartonella spp. and C. burnetii. Results were negative for these bacteria.
Co-infections
Of the 5 A. vespertilionis ticks analyzed by PCR, 4 were positive for >1 pathogen. Three of the 4 borreliaepositive ticks (nos. 62494, 62497, and 62498) were also infected with Rickettsia sp. AvBat. Two of the 3 Ehrlichia sp. AvBat-positive ticks (nos. 62495 and 62497) were also infected with Borrelia sp. CPB1, and 1 of those (no. 62497) was also infected with Rickettsia sp. AvBat.
Discussion
We showed that A. vespertilionis ticks collected from a bat-infested attic in southwestern France were infected with 3 bacteria: 1) Rickettsia sp. AvBat, a new species or subspecies of the SFG rickettsiae; 2) a novel Ehrlichia sp. AvBat of the E. canis group of the genus Ehrlichia; and 3) Borrelia sp. from the relapsing fever group.
In 1956, Hoogstraal (2) reported that several A. vespertilionis ticks from Egypt were examined for rickettsiae, and all were negative. Through sequence analysis of the fulllength gltA gene, we showed that the Rickettsia sp. detected in A. vespertilionis ticks in France can be classifi ed within the SFG rickettsiae (24) .
The association of Rickettsia spp. with soft ticks is poorly understood. First, intracellular rickettsia-like symbionts were described in laboratory-maintained Argas (Persicargas) arboreus ticks, but the organisms have not been shown to infect vertebrates or cause disease (27) . Ornithodoros papillipes ticks that were sucking blood from guinea pigs infected with Rickettsia sibirica, the agent of North Asian tick typhus, were found to be infected with the bacterium (28) . O. papillipes ticks can transmit bacteria vertically but cannot transmit it to vertebrate hosts (28) . In addition, in a laboratory experiment, O. parkeri and O. rostratus ticks were infected with R. rickettsii, the agent of Rocky Mountain spotted fever, and transmitted the bacterium to a laboratory host (29) . In 1974, Rehácek et al. (30) found that Argas persicus ticks collected in Armenia were massively infected with SFG group rickettsiae that were probably identical with R. slovaca, an emerging pathogen (17) . Rickettsiae-infected O. moubata ticks (well-known vectors of Borrelia duttonii, an agent of tick-borne relapsing fever) were collected from human dwellings in central Tanzania and analyzed by PCR; phylogenetic analysis of the rickettsial species showed a unique cluster among the SFG rickettsiae (31) . At the same time, R. felis, the agent of the so-called fl ea-borne spotted fever (32) , was detected in 1 of 64 C. capensis ticks collected from a brown pelican rookery in South Carolina, USA (33) . A rickettsial endosymbiont, later named R. hoogstraalii sp. nov., was detected by use of PCR and isolated from C. capensis ticks (34, 35) collected in the United States and Japan (33, 36) and, later, from Carios kelleyi bat ticks collected from residential buildings in Jackson County, Iowa, USA (37) . Transstadial and transovarial transmission of this rickettsia have also been demonstrated (33) . Our results support further investigation of the association of soft ticks and rickettsiae.
The sequences for the Borrelia sp. detected in this study share 100% similarity with sequences for species detected in the liver of a dead bat in the United Kingdom in 2008 (25) . Phylogenetic analysis showed that the Borrelia sp. detected in the bat is close to, but distinct from, borreliae in a cluster containing B. recurrentis, B. duttonii, and B. crocidurae (25) , which all cause relapsing fever in Africa (13) . In the study in the United Kingdom, an A. vespertilionis larval tick (not tested for borreliae by PCR) was found attached to the infected bat, and the study authors suggested that the tick may have been the source of Borrelia infection (25) . Usually, only the larvae of A. vespertilionis ticks are found on bats because they feed on their hosts from the time they are a few days old up to 2 weeks of age. Nymphs and adults become replete within 1 hour; thus, the probability is small for fi nding ticks in these growth stages on bats (2) . In addition, adults tick may remain attached for as (38) reported that an Otobius megnini tick, which detached from the ear of a child who had serologic evidence of ehrlichiosis, was negative for ehrlichia by PCR. The authors of that study attempted to use laboratory-reared O. megnini ticks to transmit E. canis, the causative agent of canine ehrlichiosis; neither transstadial nor transovarial transmission occurred.
In our study, no residents of the bat-infested attic were bitten by ticks, although 2 persons were sleeping in the room the night before the ticks were collected. Adult and nymphal A. vespertilionis ticks occasionally bite humans, and they can be highly aggressive toward humans (39) . Ticks of this species have been removed from persons in Iraq, the former Soviet Union, Japan, and Africa (2, 3) . In Huesca Province, Spain, 2 adult A. vespertilionis ticks were found feeding on the arm of a man inhabiting a country house with many bats living in the attic (40) . In 1994, Jaenson et al. (3) reported that 2 persons living near Stockholm were bitten by ticks in their bedroom; bats had been breeding in a loft above the room during May-June 1993. Severe skin reactions, fever, ulceration, erythema, and edema developed in the bitten persons, and the ulcers did not begin to cicatrise until 10 days after penicillin treatment had been initiated. Thus, medical doctors should consider bacterial infections in sick person who may have been bitten by bat ticks.
The fi ndings from our study have repercussions for public health in many parts of Europe, Asia, and Africa because A. vespertilionis ticks have a wide geographic range and may bite humans (2) . Almost any bat, whether it lives in large colonies or in small groups, may be parasitized by A. vespertilionis ticks (2). We do not know whether the novel Rickettsia sp. AvBat and Ehrlichia sp. AvBat described in our work are pathogenic for vertebrate hosts; however, the Borrelia sp. detected in these ticks was shown to be a pathogen for bat hosts (25) . In addition, the Rickettsia sp. AvBat that we cultivated in a cell line should be analyzed genomically to further defi ne the taxonomic position of this Rickettsia sp. Future studies are needed to 1) assess the role of vector and/or reservoir for each of these pathogens in A. vespertilionis, including a more precise analysis of transstadial and transovarial transmission in ticks; 2) confi rm tick transmission of the bacteria in animal models; and 3) detect tick transmission of these bacteria in humans. 
